II. Estimating the depolarization field and internal field directions of the as-grown PZT and ZnO layers
We separately prepared PZT and ZnO films on the ITO substrates. 40 nm Au electrodes were deposited on the films for electrical measurements. To test the polarization response to external electric fields for both films, we performed the Piezoresponse Force Microscopy The situation of PZT film is similar but may be a little more complex, as seen in Figure   S2 (b). Zheng et al. proposed a simple model to separate the Schottky barrier and polarization effects on the photocurrent of ferroelectric thin films. 2 In detail, the net internal electric fields in ferroelectric thin films comes from two parts when two electrodes are short-circuited, i.e.
the depolarization field (E dp ) and the built-in electric fields caused by back-to-back Schottky barriers at two interfaces (E bi-1 and E bi-2 ) (see Figure 2 (d)). The negative J sc value in J-V curves means that the observed photocurrent is directed to the bottom electrode, which shares the same direction with the net internal electric field. Based on the energy level diagram in Figure 2 (d), the net electric field can be written as:
In electrode-ferroelectric-electrode structures (e.g. ITO/PZT/Au), the depolarization field of PZT directly gives more contribution to the photocurrent while the variation of interfacial Schottky barriers have an indirect and subordinate influence on the photocurrent. 3 It means that the ferroelectric polarization effect has little influence on two interfacial Schottky barrier heights, which is totally different from the leaky BiFeO 3 . 4 So E bi-1 and E bi-2 can be seen as the same values, no matter at what polarization direction the as-grown PZT is. It ensures the always negative J sc in Figure S2(b) . Obviously, when the films is poled at +8V, the E net is equal to (E bi-1 -E bi-2 )+E dp ; while the film is poled at -8V, E net is (E bi-1 -E bi-2 )-E dp . We can see that the photovoltaic J-V out curve at as-grown state is more close to that of the +8V poled state, so the direction of the polarization in PZT layer at as-grown state points to the top Au electrode and the depolarization field direction in PZT layer can be identified as pointing to the bottom ITO electrode. The ITO substrate has nearly 90% transmittance, so most of incident lights above 300 nm can shine directly into the deposited films. 5 To determine the optical band gaps for all the films, we carried out the fitting procedure according to the Tauc's relation:
where α is the absorption coefficient, hν is the photon energy, A is a constant, and m is equal to 1/2 or 2 for the direct and indirect materials, respectively. In particular, we plot the (αhν) According to our previous study, 12 we constructed the band structure for the PZT/ZnO bilayer as follows. To construct the band diagram for the PZT/ZnO bilayer, the electron affinities of ZnO and PZT (i.e. χ PZT =3.5eV and χ ZnO =4.35eV), 13 and the work function of ZnO (ϕ ZnO =4.45eV) 14 were used. We suppose that the PZT Fermi level is around the middle of the energy band gap. 15 Accordingly, the work function (ϕ PZT ) of the PZT film is about 5.34eV. According to Section III, the E g,ZnO and E g,PZT are determined to be 3.23eV and 3.60eV. Thus ∆E V equals to 0.48eV.
